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Abstract 
Recently, demand for flexible and distributed load sensor is increasing. In this report, we newly propose a two-dimensional 
load sensor by fabricating an acoustic waveguide on a rubber substrate. An earphone and a microphone were attached to the one 
of the ends of the waveguide. Continuous waves swept from 20 to 40960 Hz were applied with the earphone. We estimated the 
load position by applying FFT for the power spectrum of the frequency response obtained with the microphone.  As a result, we 
successfully identified the load positions with the error of approximately 4 mm along the acoustic waveguide. 
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1. Introduction 
Recently, demand for flexible and distributed load sensor is increasing in various fields such as tactile sensing in 
robot. However, conventional sensors have problems in lack of flexibility, complex wiring, and discrete position of 
measurement since they are based on electrical/electronic devices. The purpose of this study is realizing a load 
sensor that has high flexibility, simple wiring, and distributed position of measurement. We have developed a one-
dimensional distributed load sensor utilizing acoustic frequency responses of an elastic tube [1][2]. In this report, we 
newly propose a two-dimensional load sensor by fabricating an acoustic waveguide on a rubber substrate.  
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Fig. 2.3 Frequency spectrum when a load was applied at xL = 
300 mm. 
 
Fig.2.4 Position response obtained through FFT when a load 
was applied at xL = 300 mm.
 
Fig. 2.1 Reflection of acoustic wave. 
2. Principle 
Fig. 2.1 is a conceptual diagram of acoustic propagation in an elastic tube. We assume sound wave propagating in 
the positive direction of the x-axis, that is expressed as 
௫ܲ ൌ ݌଴݁௝ሺ௞௫ିఠ௧ሻ.                                                                 (2.1) 
If there is a deformation at the position of x = xL, and a part of the sound wave reflects at the position, the reflected 
wave is shown as
௥ܲ ൌ ݌଴ݎ݁௝ሼ௞ሺଶ௫ಽି௫ሻିఠ௧ሽ.                                                           (2.2)
At the position of x = 0, power spectrum due to interference between the input and reflected waves is written as
ȁܲȁଶ ൌ ܲܲכ ൌ ݌଴ଶ ቄͳ ൅ ݎଶ ൅ ʹݎ  ቀʹߨ
௫ಽ
௖
݂ቁቅ.                                             (2.3)
We can estimate the position response by applying FFT (Fast Fourier Transform) for the power spectrum. The 
position response is expressed as 
݌଴ଶሺͳ ൅ ݎሻߜሺݔሻ ൅ ݎߜ ቀݔ േ ʹߨ
ଶ௫ಽ
௖
ቁ.                                                  (2.4) 
As the preliminary experiment, an earphone and a microphone were attached to the one of the ends of a 1200-mm 
elastic tube as shown in Fig. 2.2, and continuous waves swept from 10 to 10240 Hz were applied with the earphone. 
Fig. 2.3 is the power spectrum when a load was applied at xL = 300 mm. Fig. 2.4 is the position response obtain 
through FFT. A peak is successfully obtained at xL = 300 mm. 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 2.2 Experimental set up of microphone and earphone.
Earphone
Microphone 
 Shota Odajima et al. /  Physics Procedia  70 ( 2015 )  949 – 952 951
 
Fig. 3.1 Design of acoustic waveguide.  Fig. 3.2 Picture of acoustic waveguide.  Fig. 3.3 Picture of method for applying load. 
 
Fig. 3.4 Position responses with and without load. 
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Fig. 3.5 (a) Position of the load and it responses. 
3. Distributed load sensor made on a rubber substrate 
3.1. Experiment 
We made a two-dimensional load sensor by fabricating a meandering acoustic waveguide on a rubber substrate as 
illustrated in Fig. 3.1. A 5-mm trench was created on the rubber substrate (50 mm x 50 mm x 5mm), and a thin 
rubber film was used to cover the trench. The total length of the acoustic waveguide was approximately 160 mm. 
Fig. 3.2 is a picture of acoustic waveguide. We conducted an experiment to confirm whether the load positions are 
correctly identified or not. We applied a load on the acoustic waveguide using a setup shown in Fig. 3.3, and 
measured the response. An earphone and a microphone were attached to the one of the ends of the waveguide. 
Continuous waves swept from 20 to 40960 Hz were injected into the waveguide with the earphone. We estimated 
the load position by applying FFT for the power spectrum of the frequency response obtained with the microphone. 
Though the frequency characteristics of the earphone and the microphone were not enough, we obtained information 
every 4.15 mm by using the frequency range of up to 40960 Hz. The experimental procedure was repeated for 11 
different load positions. 
 
3.2. Results 
 Fig. 3.4 shows the position response with and without load. There is a peak at xL = 25 mm. The data without load 
were subtracted from that with load, and the results were displayed in the form of Fig. 3.5(a). Diameter of black dots 
represents the intensity of position response, and the red arrow indicates the actual position of the load. Fig. 3.5(b) 
shows the results when the positions of the load were changed. Peaks are observed at the positions of load or 
neighboring part of the load. 
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Fig. 3.5 (b) Position responses and the position of the load when the positions of the load were changed. 
4. Conclusion 
We made a two-dimensional load sensor that identifies the load positions by fabricating an acoustic waveguide 
on a rubber substrate. To confirm whether the load positions are correct or not, we applied a load on the acoustic 
waveguide, and measured the response. As a result, we successfully identified the load positions with the error of 
approximately 4 mm along the acoustic waveguide. This method provides a distributed load sensing without metal 
part, and is compatible to human skin. Thus, the proposed sensor would be useful for robotics and other human-
related applications. 
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Red arrows      indicates the position of the load.
Size of black dots    represents intensity of position response.
